Lay diagnoses of death collected at burial sites were validated against two 'gold standards': the hospital discharge diagnosis of causes of death obtained by a surveillance of hospital deaths (including autopsy results) and the physician review of verbal autopsies (VAs) that were carried out for a sample of cemetery records. The diagnostic indicators of the lay diagnoses were then used to provide estimates of the share of AIDS-attribuTable mortality. The verbal autopsy results provide an independent estimate of the percentage of AIDS deaths. From a total of 21 274 burial records, 2546 hospital discharge diagnoses, 1480 outcomes of autopsies and 200 adult verbal autopsies were gathered over a period of 1 year starting from February 2001. Independent of the gold standard, lay diagnoses such as lung disease and cold have a specificity of about 90% and a combined sensitivity of about 55% in determining AIDS mortality. Without a significant loss in specificity, the sensitivity increases to 60-65% when diarrhoea, TB, herpes zoster and mental or nerve problem are included. We thus conclude that even in the presence of a reluctance to talk of HIV/AIDS, lay diagnosis of causes of death can be used for monitoring AIDS mortality. Lung disease and cold, in particular, have become well-known euphemisms for AIDS in the community. The share of AIDS deaths in the adult population (20-54) is estimated at 68%, without noticeable differences between men and women. Our results confirm the high impact of HIV/AIDS on mortality as was estimated by epidemiological projections for Addis Ababa.
Introduction
When developing countries lack appropriate vital registration systems, data on cause-specific adult mortality often rely on records from medical facilities. The resulting approximations tend to be biased because hospital populations are often not representative (Cooper et al. 1998) . For HIV/AIDS in particular, there is evidence that, as knowledge spreads about its incurability, some families withdraw HIV-diagnosed relatives from hospitals (Arthur et al. 2000) . Verbal autopsies (VAs) are now often used as a substitute for hospital data to monitor cause-specific mortality (e.g. Garenne & Fontaine 1990; Chandramohan et al. 1994; Kamali et al. 1996; Doctor & Weinreb 2002) . Typically, VAs are obtained from relatives of the deceased some weeks or months after the death. Their administration is, however, not straightforward. It requires either a random or an exhaustive list of deaths in a well-defined geographical area and time interval, which ideally calls for a longitudinal design or a surveillance system. They are thus a complement rather than an alternative to a demographic surveillance or vital registration system.
The validity of lay reporting of cause-specific mortality in developing countries has not been researched extensively (for and exception, see Zimicki 1990 ). Here we illustrate its use with respect to AIDS mortality. AIDS provides a good test case because lay diagnoses could be expected to be evasive and thus less useful for diseases that are surrounded by stigma and denial. In addition, the maturing of the epidemic now allows for observational studies of AIDS mortality as an alternative to projections based on extrapolated seroprevalence data.
The data come from an ongoing surveillance of burials, wherein bereaved relatives report the cause of death to cemetery clerks. To evaluate the diagnostic value of these lay diagnoses, they are validated against two different 'gold standards'. The first is derived from matched hospital records collected as part of a simultaneous surveillance of hospital deaths. The second is based on the physician review of VAs.
Methods

Description of the study area
Addis Ababa, the capital of Ethiopia, has an estimated population of 2.6 million (CSA 1999) . The first AIDS cases were diagnosed in 1986 (Lester et al. 1988) . HIV prevalence among visitors of antenatal clinics is reported to have increased from 5% in 1989 5% in to 20% in 1993 5% in (UNAIDS 2000 . Recent data suggest that the prevalence among pregnant women aged 15-24 declined from 24 to 15% between 1995 and 2001 (Tsegaye et al. 2002) . Virtually all men and women in Addis Ababa now know about HIV/ AIDS and only 13% of the women believe that the HIV status of family members should remain secret (CSA & ORC Macro 2001) .
Burial surveillance
The surveillance was initiated at all cemeteries in February 2001 and recorded 21 274 deaths in its first year. The surveillance covered 55 Orthodox, nine Muslims, one Catholic, one Jewish and eight municipal cemeteries. At the largest municipal cemetery, Baytewar persons are buried without close relatives or friends to facilitate a funeral (baytewar is an Amharic word meaning 'lonely' or 'socially isolated'). In 2001, the Baytewar cemetery alone accommodated 14% of the deceased. The majority of its burials are of unidentified individuals (61.5%). Infants account for most of these.
The burial surveillance is assisted by cemetery-based staff and 12 supervisors who oversee the data collection at the cemeteries. We introduced a surveillance form on which the decedent's date of burial, age, name, sex, residential address and presumed cause of death (i.e. lay diagnosis of death) are recorded in Amharic. Both cemetery clerks and supervisors participated in a 1 day workshop wherein the objectives of the study and the surveillance form were discussed. The quality of the burial surveillance is monitored on a continuous basis and if necessary (e.g. if new cemetery clerks are appointed) additional orientations are given to both supervisors and cemetery clerks. Relatives or close friends facilitating administrative procedures before the burial ceremony provide the clerks with the information. The cause of death was initially not requested, but added in the course of the first month.
In principle, the surveillance captures all deceased residents of Addis Ababa, although biases exist because residents may die and/or be buried outside the capital just as non-residents may be buried inside in Addis Ababa (Urassa et al. 2001; Sanders et al. 2003) . Some of these biases can be identified and corrected (e.g. the burial of Orthodox Christians in sacred places outside the capital because they are first registered in a local church) while others inevitably go unnoticed (e.g. the return of terminally sick immigrants to their families for care). Elsewhere (Sanders et al. 2003) , we have estimated that the crude death rate derived from these surveillance data (CDR ¼ 7.8) is close to those implied by the official medium variant population projections (CDR ¼ 7.6), suggesting that the burial surveillance is quasi exhaustive, which is sufficient for the purposes of the present study. This conclusion is, of course, dependent on the accuracy of the models used in the population projections, but the methods used in this paper are insensitive to underreporting of deaths at the cemeteries as long as it is not cause of death dependent.
Lay diagnoses were translated from Amharic into English at the time of data entry and causes of death were grouped using a standard biomedical death classification scheme (Table 1) . We separately categorized those lay diagnoses that could be related to HIV/AIDS. The most important are: lung disease (samba beshita), cold (berd), AIDS (AIDS, indirectly also referred to as ye gizeyaw/ zamanu beshita or kesafi beshita; the disease of the times or the disease that kills), herpes zoster (the biomedical equivalent of a skin disease popularly ascribed to an insect: almaz balechira), TB (samba nekersa), diarrhoea (tekmat), mental or nerve problem (ye chinkelat beshita, ye amro metawak, nerve chigger) and sickness (hemem).
Surveillance of hospital deaths
Simultaneously with the burial registration, we initiated a surveillance of hospital deaths (n ¼ 2546) at 13 government and nine private hospitals. The Armed Forces hospital is the only hospital in Addis Ababa not included. In addition, records were obtained from the city's medicolegal department (at the Menelik II Hospital) that establishes causes of death postmortem (n ¼ 1480). In each hospital, clerks collected names, dates of admission and discharge, causes of death and -if available -addresses for Addis Ababa residents. As detailed medical records or death certificates were not always accessible, this information was derived from hospital registries. The recordkeeping in hospitals is usually done in English.
The list of all hospital discharge diagnoses of causes of death was presented to two physicians who independently assigned a score (1, 2 or 3) for the likelihood that a particular diagnosis is related to HIV/AIDS. In two-third of the diagnoses, the first two doctors gave an identical AIDS likelihood score; in <5% of the hospital diagnoses their score differed by more than 1 point. Diagnoses on which the first two doctors disagreed were presented to a third physician, and the average of the three assessments is used as the final score. The distribution of this 'AIDS-likelihood' variable (grouped in three categories) is shown in Table 2 . * Statistically significant difference in percentages (P < 0.05). The Baytewar cemetery was excluded because of the high number of missing values for age and lay diagnosis. In addition, 1.7% of the records from other cemeteries were excluded due to missing values for age. à Records from the city's medico legal department at the Menelik II Hospital are excluded from this column to allow for a comparison of the lay diagnoses of those that died in a hospital and those that did not. Such an interpretation is justified if the matched records are an unbiased sample of the hospital records.
§ It was not always clear whether lay diagnoses referred to communicable or noncommunicable diseases. In these cases arbitrary decisions had to be made. For example, all liver problems not explicitly referred to as hepatitis (in the community known as ye wof beshita and here classified under 'other communicable diseases') were interpreted as liver cirrhosis. The lay diagnosis in these cases usually mentioned gubet beshita, which literally means liver disease.
-In weakly defined causes of death, a distinction is made between sickness (hemem) and accidental sickness (dingetegna hemem) because the latter is often used to describe a death that occurred unexpectedly or after a very brief period of illness (e.g. cardiac failure, ruptured appendix).
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The AIDS-likelihood variable is used as gold standard in an analysis of the diagnostic accuracy of lay diagnoses ( Table 3 ). For that purpose hospital records were matched with cemetery records via two procedures. In the first procedure, potential matches were identified based on the initial character of the given name and father's name, as well as sex, age and the dates of hospital discharge and burial. In the second procedure, records were matched only by address. As at least name or address was required for matching, many records (e.g. most of those from the Baytewar cemetery) were a priori excluded. In the second stage of each procedure, the full records (excluding cause of death) of potential matches were manually compared. Using this double matching procedure we could identify a match for 38.5% of the hospital records in any of the cemeteries. Excluding the medico-legal department of Menelik II Hospital (of which a higher proportion is buried in Baytewar) the proportion of matches increases to 41.6%.
Various factors explain the low proportion of matches. As information on the origin of the patients is not always registered, some hospital files include people from outside Addis Ababa and these are more likely to be buried in their respective places of origin. Other difficulties are caused by age misreporting, the transcription of names from Amharic into English, and the flexible use of names (Pankhurst 2000) . In the remainder of this paper, we assume that the matched records are an unbiased sample of the hospital records. Although the proportion of matches is fairly low to support such an assumption, the age distribution of matched and unmatched records as well as their distribution by sex and AIDS likelihood are comparable (Table 3) .
Estimating the share of AIDS deaths
The sensitivity and positive predictive value (PPV) from the diagnostic analysis of the lay diagnoses in matched records is used to compute estimates of HIV/AIDS mortality in the population. Estimates of the share of adult AIDS mortality cannot be derived directly from the frequency distribution of the AIDS-likelihood variable in the subsample of matched records because it is not representative. The sample not only contains individuals with a matched hospital record, but it also includes those with a match in the city's medico-legal department, of whom a majority had deaths due to external injuries. Inclusion of the latter artificially inflates the specificity of the lay diagnoses reported in Table 4 . In that table, the specificity of the lay diagnoses are higher than in the VA sample (Table 5 ). The cumulative sensitivity values in Tables 4 and 5 are significantly different from kidney and liver disease onwards. Thus, for the purpose of estimating the share of AIDS deaths among adults, we assume that only the PPV and sensitivity of the lay diagnoses in the population are similar to that in the sample of matched records.
The share of AIDS deaths is then calculated as the number of cases in the population with an AIDS-indicative lay diagnosis (LD) times the PPV of these lay diagnoses in the matched records, divided by the product of the total AFIs, acute febrile illnesses. Excluding records from the city's medico-legal department at the Menelik II hospital. à When the information from the hospital records was incomprehensible to two of the reviewers they were coded as missing values. number of deaths in the population (n) and the sensitivity of the AIDS-indicative lay diagnoses:
We provide three alternative estimates of the share of AIDS mortality, each based on a different treatment of the middle category of the AIDS-likelihood variable (i.e. possibly AIDS). Other approaches to estimating the share of AIDS deaths require different assumptions about the external validity of the diagnostic indicators. Although we believe it to be inferior to the previous procedure, we compute one such estimate based on the assumption that the sensitivity and specificity are unbiasedly estimated in the sample of 
Verbal autopsies
The lay diagnoses obtained for individuals with a hospital record are potentially biased because a greater proportion of their relatives may have been informed of a medical diagnosis of the cause of death. To control for such a bias, we redid the analysis using the results of VAs on a random sample of burial records as gold standard. In this sample only 15% are reported to have died in a hospital. The second and third month of the burial surveillance (n ¼ 3461) was used as sampling frame for VAs. Exclusion criteria for VA selection were burial at the Baytewar cemetery (n ¼ 479) and incomplete address (n ¼ 213). Because of budgetary constraints, we limited the number of households selected for an adult VA (age 13+) to a 10% sample. Twenty laypersons with at least 12 years of formal education were trained for 1 week in the administration of VA questionnaires. To respect the mourning period, households were visited 2-4 months after the death by a team of two interviewers. The VA questionnaire was adopted from one used at the INDEPTH sites and included a set of questions previously used in Ethiopia (Quigley et al. 1999; INDEPTH Network 2002) .
The 262 households selected for a VA yielded 200 completed questionnaires (76%). Approximately 20% of the non-response occurred because households could not be found. Two physicians reviewed the questionnaires independently. The same causes of death were assigned in 164 cases. Questionnaires with a discrepant diagnosis were presented to a third physician and differences in opinion were reconciled by consensus. Two causes of death remained undetermined. The physician review of the VAs serves as gold standard in a diagnostic analysis of the lay diagnoses (Table 5) . As the VAs represent a random sample of adult deaths (again excluding Baytewar), its results provide a direct estimate of the share of AIDS deaths.
Results
Of the 21 274 deaths recorded in the first year of the burial surveillance, 15 743 were adults of age 13 or above (excluding Bayterwar, Table 1 ). With 8198 burials, men accounted for the majority of these deaths. About a quarter of the burials come without a well-defined lay diagnosis, due partly to the delayed introduction of the cause of death as an item in the burial registration. The upper section of Table 1 gives the percentage distribution of the lay diagnoses with the subtotal of valid diagnoses as denominator. The first two columns of Table 1 present the distribution of lay diagnoses by sex for adults aged 13 or older. The third and fourth columns combine both sexes and restrict the distribution to persons aged 20-54, for matched and unmatched records respectively. Assuming that the matched records are an unbiased sample of the hospital records, these last two columns allow direct comparison of the distribution of lay diagnoses between adults who died in a hospital and those who did not.
About 60% of adult deaths are classified under communicable diseases, with non-communicable diseases comprising just over 25%. Few deaths are explicitly attributed to AIDS. Illnesses more likely to be mentioned and possibly related to HIV/AIDS are lung disease and cold. Possible AIDS-indicative diagnoses also include TB, diarrhoea and herpes zoster, but these are less often mentioned. Compared to cases with an unmatched hospital record, AIDS is more often mentioned for individuals with a matched hospital record. The other suspicious diagnoses seem more common for individuals who died outside hospitals but only minimally so.
The distribution of the AIDS-likelihood variable for hospital deaths is presented in Table 2 . If our definition of this variable is appropriate and if hospital deaths were representative of the distribution of deaths in the community, we expect that between 56% and 72% of adults between 20-54 die of HIV/AIDS (the upper limit being the sum of 'probably' and 'possibly AIDS').
The analysis of the diagnostic value of lay diagnoses with the AIDS-likelihood variable as gold standard is presented in Table 4 . The middle category with an indecisive value (i.e. 'possibly AIDS') is initially left out of consideration. The same is done for missing values.
Lung disease and cold have a high PPV and specificity, and a relatively high sensitivity. AIDS, TB, herpes zoster, diarrhoea and mental or nerve problems are less often mentioned but also have a high PPV and specificity. Taken together, these lay diagnoses have a PPV of 87%, a sensitivity of 61% and a specificity of 90% (cumulative values for the first four categories in Table 4 ).
To estimate the share of AIDS deaths, we use the first four categories of lay diagnoses (using more categories generates comparable results). The number of cases in the population with a lay diagnosis corresponding to one of the first four categories (aged 20-54, excluding Baytewar) is 4881. Multiplied by the PPV (0.87) and divided by the sensitivity (0.61) gives 6231. The denominator is 10 182, resulting in an estimate of 68.3%. A low estimate is obtained by assuming that none of those who fell in the indecisive category for the gold standard died of HIV/ AIDS-related complications and recalculating the PPV and (Table 2 ). These differences are, however, too small to be significant by conventional standards. The alternative approach to estimating the share of AIDS deaths in the population, based on the assumption that the sensitivity and specificity, rather than the PPV and sensitivity, are unbiasedly estimated in the sample of matched hospital records, yields a value of 73.8%. This estimate is obtained via maximum likelihood.
We also calculated sex-specific versions of Table 4 (not shown) and used this information to estimate the share of HIV/AIDS in adult mortality by sex. Our medium estimate based on the sensitivity and PPV is 69.3% for women and 68.2% for men. These numbers refer to the share of AIDS mortality within sex. The sex ratio of deaths is 109, indicating that more men than women die in adulthood (see Table 1 ). This imbalance is not explained by a comparable inequality in the sex ratio of the population: in the 1994 census, the ratio of the male to female population (aged 20-54) was 97 (CSA 1999) .
The diagnostic value of lay diagnoses using the physician review of VAs as gold standard is presented in Table 5 . The results are almost identical to those obtained using hospital discharge diagnoses as gold standard. The PPV and sensitivity for lung disease and cold are very close to those in Table 4 ; this is also true for AIDS, herpes zoster, TB, diarrhoea and mental problems (here combined because of the small numbers). For reasons discussed earlier, the specificity of the lay diagnoses are somewhat higher in Table 4 .
The share of AIDS deaths in the population estimated from the VA outcomes is equal to the medium estimate based on the extrapolation of the diagnostic indicators from the matched hospital records: 68.3% (95% CI: 59-76). Disaggregated by sex, the share of AIDS deaths is 72.4% for women and 64.7% for men, but this difference is not significant at the 95%-level.
Discussion
Few, if any, studies have used lay reporting of causes of death for monitoring AIDS mortality in Africa. The results are consistent and encouraging. Although there still exists a great reluctance to ascribe deaths to HIV/AIDS directly, Addis Ababa residents consistently use several euphemisms for AIDS that can be used for monitoring the epidemic. Most frequently mentioned lay diagnoses are lung disease and cold. Close to 90% of the adult deaths attributed to these causes are de facto AIDS deaths, and together they account for 50-60% of the total number of AIDS deaths. Less frequently mentioned are diarrhoea, TB, AIDS itself, herpes zoster and mental or nerve problems. Their PPV is around 80% and together this group of diagnoses accounts for close to 10% of AIDS deaths. The specificity of most AIDS-indicative diagnoses is higher than 90%. The utility of lay reporting may come as a surprise, because HIV/AIDS is often believed to be soaked in an atmosphere of taboo and denial. It is true that few people explicitly label AIDS deaths as such, but most lay diagnoses for AIDS are highly indicative and they often refer to symptoms or opportunistic infections associated with AIDS. The most evasive of the AIDS-related lay diagnoses is perhaps cold, but it is known in the community to be indicative of HIV/AIDS when used to describe terminal illness in an adult. We thus believe that the terminology to label AIDS deaths is not so much the result of denial or ignorance, rather than a way to alleviate an offensive reality without explicitly lying about it.
Based on verbal autopsies, we estimate that around 68% of adult mortality (20-54) in Addis Ababa is related to HIV/AIDS. Extrapolating from lay diagnoses for cases with a matched hospital record yields the same point estimate. Relying only on the distribution of hospital deaths underestimates the share of AIDS mortality in adults by about 5%-points. Similarly, our estimate is somewhat higher than the 60% that was estimated using the AIM projection model for the population aged 15-49 for the year 2000 . A redefinition of the age categories to match those of the projections does not change that conclusion, but this difference is not significant at the 95%-level.
Our study has several limitations. First, we demonstrate the utility of lay diagnoses for identifying AIDS deaths but not for other causes of death. Secondly, the gold standards used in these analyses are not particularly strong, and we are aware that lack of information on the HIV status or true cause of death may introduce a bias in the estimates reported here (Urassa et al. 2001) . Another problem when relying on lay diagnoses is the high number of undetermined causes of death (and even unidentified bodies). This problem is perhaps not as dramatic as it seems, as the information from verbal autopsies or matched hospital records allows us to estimate the share of cause-specific mortality among the non-specific lay diagnoses. Finally, lay diagnoses and the value of their diagnostic indicators may change over time for various reasons (e.g. because of a change in the prevalence of AIDS mortality, intensified advocacy efforts, the introduction of anti-retroviral therapy, etc.). Thus, they require periodic validation against hospital records or verbal autopsies at regular intervals and cannot be used as a stand-alone alternative to other systems for monitoring cause-specific mortality. In our example, the validation against the hospital diagnosis or verbal autopsy could be used interchangeably, because the diagnostic value of lay diagnoses did not depend much on whether or not the individual died in a hospital. In other contexts, or, for other causes of death they may diverge more importantly. To conclude, we believe that the combined use of lay diagnoses (collected, for example, at burial sites) with VAs and/or hospital records is a potent mix of resources for monitoring population-based and cause-specific mortality patterns, not only in Ethiopia but also in other settings with poor data collection systems.
